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HEl^On'i* 


In  accordance  with  the  provisions  ol’  OoNoiir  GOKTitVCT  hOo 
1  onr-2449  (00)  dated  15  hovonber  1957,  celestial  observations  weie  obtain-' 

;c'  at  Key  V.estj  l'’lorida,  during  the  period  8  i‘’c!brnary  1958  --  4  larch  J..95G 
i.,r.Q  subsequently  aboard  the  Uu3  V/iLL3IY  FOitGK  (CV3  -  the  U33  TUTULU 

‘  A1G«4),  the  Yacht  rAitAllOUil  and  the  Yacht  lilGKV.'OCDc 

I'he  purpose  of  this  study  was  to  determine  what  boi-efits  could  be 
derived  fron  the  use  of  hlgh-«ia{3iificatiori  sextant  telescopes  (2(Jx  and  ,l6o; 

<..3  well  as  7x  for  use  with  the  stars  at  dusk),  what  improvenents  could  be 
ijiade  in  the  mai’ine  sextant  and  its  ancillerios,  and  in  the  techniques  of 
its  employment o 

Almost  5^W0  celestial  observations  were  made  in  oonnection  with 
t-hie  p/ogram  under  conditions  of  visibility,  weather,  and  quality  of  horizon 
r.inginr,  from  excellent  to  extremely  poor.,  'fhe  new  ifistruments^ deaigted 
esperially  for  test  during  this  study,  as  well  as  standard  sextants  and 
telescopes  present ly-in  general  use  were  anployed  and  compared  under  all 
.1  inner  of  conditions  such  as  might  be  encountered  by  the  working  navigator 
r:C  seao  In  fact,  the  frequency  of  observations  made  with  a  poor  horizon 
.-.as  increased  when  it  unexpectedly  appeared  that  the  high~powered  tele8cop<;:. 
under  such  conditicHis  often  gave  materially  more  reliable  eL!.titudes  than 
those  in  general  useo 

A  number  of  experienced  observers  participated  in  this  program; 

,  i\,\,  H.,  becsris,  b'SK  (uKf.  )  and  CD;i,  y.iJliarr,  Brovn,  Udh  assisted 

“■  iv  planning  th-;  ctudy,  and  nade  many  nbservrtionso  iheii'  advice  and 
■;  :;istai;tance  are  cularly'  appreciated,  Mr,  Qo  U.-,  L'ur.lip’s  help  ir; 

rroiaritp.'  sp 'cifications  for  the  ''lath  s axt-uats  and  beck  tojo- 
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3cop«3  ordorad  especiaLLy  for  use  In  t!us  pro^rara  is  also  hi;?hly 
appreciated. 

'larly  in  tha  courso  of  the  study  it  Ixjcama  apparent  that  the  accuracy 
of  obsarvHtionr.  nada  with  the  high-poware d  telascopjs  \vas  c^nsistantly 
greater  than  that  obtained  with  telescopes  of  6x  magnification,  and  much 
greater  than  that  obtained  with  the  Jx  telescope  in  common  use,  parti¬ 
cularly  whan  the  horizon  was  not  sharply  defined.  (See  figure  1.)  This 
gain  in  accuracy  was  demonstrated  by  the  plot  of  observations  in  oach 
string,  compared  to  the  "line  of  best  fit"  for  the  string,  as  well  as  by 
the  comparison  of  intercepts,  when  observations  were  made  from  an  accurately 
known  nosition.  The  results  obtained  with  the  3x  telescope  were  so  ob¬ 
viously  inferior  to  those  obtained  from  a  6x  telascopj,  that  early  in  the 
study  it  was  decided  to  use  only  the  6x  glass  for  purposes  of  comparison 
with  those  of  higher  power,  during  daylight  and  bright  twilight  con¬ 
ditions.  A  very  considerablo  numb;)r  of  observations  of  the  stars  ivere  made 
at  twilight  with  a  dim  horizon  to  compare  the  results  obtained  from  tli3  use 
of  the  best  ':rjglish  and  '":Gnnan  2x,  2.5x  and  3x  star  telescopes,  as  against 
a  7  X  50  prismatic  monocular.  Under  such  conditions  of  poor  horizon  il¬ 
lumination,  the  7  X  50  rrvonocular  was  found  verj'-  considerably  superior  to 
anj’’  other  telescoee  tested. 

It  was  found  that  the  high-powerod  tolexcopes  enabled  tho  observer  to 
pick  up  a  number  of  fixod  stars  within  a  few  minutes  of  sunrise  or  sunset. 

For  example,  it  was  regularly  possible  with  a  20;:  telescope  to  complete 
strings  of  observations  of  five  or  six  stars  at  sunset  well  before  these 
3t;;Ts  bocanj  visibl;  in  the  field  of  the  convent; onal  sextant  telescope.. 

"'he  t'esultant  s-ain  in  accuracy,  due  to  very  -ood  illumimtion  of  th;  horizon, 
was  ..iirkid. 
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It  has  bjon  hoped  that  tha  hi/jh-powored  tolascopos  would  porinit  the 
observation  of  some  fixed  stars  between  tlv  hours  of  sunrise  and  sunsets 
It  was  found  that  this  could  occasionally  be  accomplished;  however,  it 
did  not  prove  pane  rally  uossiblo,  duo  to  the  loss  of  brilliance  of  the 

star’s  image  caused  by  thr  index  and  horizon  mirrors.  It  soeras  pro- 

Z. 

babl/  that  this  difficulty  can  he  overcome  by  ledesigninp  the  marina 
sextant  to  permit  a  direct  view  of  the  stcxr,  with  the  horizon  becorainp 
tlia  reflected  image. 

During  thj  study,  it  bacamo  increasingly  evident  that  the  great  ac¬ 
curacy  achieved  by  tha  high-powerod  tolescopas  in  measuring  the  altitude 
of  a  body  above  tha  horizon  made  it  most  desirable  to  detirmini  tha  value 
of  tha  dip  accurately  and  consistantly,  which  is  not  ooasiblo  vs  th  the 
presently  available  tables.  >;von  when  the  hei  ht  of  thj  eye  was  accurabsly 
established,  anomalies  in  tha  value  of  tha  dip  waro  encountered,  althougli 
full  allowance  was  made  for  barometric  prassure,  and  air  and  water  temp¬ 
eratures.  Two  Gavrishaff  dip-meters  rKjra  therefore  obtained,  one  fitted 
with  a  6x  telescope,  and  the  other  with  a  I6x.  'Iho  latter,  particularly, 
gave  excellent  results,  permitting  the  empirical  establishment  of  the  value 
of  tte  existing  dip  with  an  a-’cnracy,  when  it  could  be  carefully  checked, 
of  about  0,1  minutes. 

It  is  held  that  a  well  designed  sextant,  manufactured  to  the  close 
tolerances  possible  today,  and  equipped  with  20x  and  7x  telescopes,  to¬ 
gether  with  a  dip  meter,  permits  ,?  very  r’.ardced  iinnrovenvent  in  the  accuracy 
of  fixing  position  afloat  by  celestial  i-ieans,  as  compared  to  th;  t  now 
nosaiblo. 
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SUUIJIAHT  OF  FIMDIMCS 

ihia  study -flMgHM^summarlzed  as  follcms: 

^ l)  The  20  X  50  Bim  prismatic  monocular  of  pood  manufacture,  is  superior 
to  any  sextant  toloscopa  of  lesser  pow^r  during  dayli^t  hours.  It  re¬ 
duces  the  random  errors  in  a  serios  of  observations,  as  its  fjroat  magni¬ 
fication  permits  the  greatest  nicety  in  obtaining  contact  botviean  the  body 
and  the  horizon.  It  is  entirely  satisfactory  for  use  a\x)ard  ship  except 
in  extremely  bad  conditions  of  wind  and  sea. 

(2}  Similarly  the  7  x  50  rjn  prismatic  monocular  is  superior  to  any  other 
telescope  avaiL^ble  for  test  /.lien  the  horizon  is  poorly  defirted,  duo  to 
daritness. 


/  3)  A  dip  meter,  fitted  with  a  high  power  telescope,  and  capable  of  de- 
terrainini?  empirically  the  value  of  the  dip  to  one-tenth  of  a  minute  of 
arc  is  an  essential  adjunct  to  the  sextant,  where  accuracy  is  of  primary 
importance.: 
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4\m  TjCHWI^^lJiS  igPLOY  iP 


Tho  equlpmsnt  empLoyad  to  mako  the  observations  for  fiis  pro;>rain 
falls  into  three  cat3^;orias;  sextants,  watches  for  the  masuromant  of 
time  intervals,  and  dip  meters. 

SiKTANTS;  To  obtain  the  observations  for  tJiis  study,  five  sextants  were 
a..,  loj'ed.  All  ware  of  the  microneter  di’un  type.  One  was  a  U.  S.  Navy 
Mark  II  Typo  A  (Aluminum)  instrument,  one  was  a  HuRhos  "Gothic"  and  three 
were  raanufactured  by  C.  Plath.  Those  latter  three  sextants  Vi-ere  designed 
and  nictnufactured  for  use  in  this  study,  and  incorporated  a  number  of  nsw 
refinements.  Ttey  had  very  large  micromotor  drotrs,  and  vernier  scales 
calibrated  to  read  to  one-tonth  of  a  ;ninute;  the  scales  were  so  large  that 
tl»y  could  easily  be  read  to  five  one-hundredths  of  a  leinute.  They  were 
also  fitted  vdth  large  index  and  horizon  mirrors  which  matched  thi  full 
field  of  the  50  mm  objective  lenses  of  the  scopes.  The  error  in  graductting 
the  arc  of  the  Plath  sextants  never  is  as  rroat  as  10  seconds;  this  also 
was  a  most  desirable  feature,  as  an  error  of  up  to  30  seconds  is  considered 
acceptable  in  ordinary  U,  S.  manufacture. 

Two  of  tie  Plfith  instruaents  had  special  light-weif^t  allqy  ^amas,  the 
third  Plath  and  the  Hughes  had  brass  frames,  and  -.vere  somewhat  heavier;  each 
wei^^ed  about  4  pounds  10  ounces.  Tho  alloy  frame  Plath  weighed  about 
3  lb.  12  oz..  Tha  heavier  instruments  caused  no  complaints.  It  was  found 
that  they  vibrated  much  less,  whan  being  used  in  a  breeze,  than  did  the 
Navy  Mark  II  sextant. 

Interchangeable  6x,  I6x  and  20x  prismatic  monoculni’s  vere  nvail'ble 
for  the  Plath  and  Hughes  sextants,  as  well  as  7x  monoculars  and  2r.  and  3x 
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orect  holesc.^n'js  fnr  usu  •■itli  the  stars  at  dusk,  .'ll  oatics  hard'- 

co".t.'<}d  to  p.'T'iiit  fViximu.'n  lirht  tr msplssi  in.  lUibb'r  'v^  cn-rf  't-o  uc 'd 

t  i  losr’>.'r,  i  th- ’  r  u- •-  i  , -x-f ,  ■;  !  ♦  'r)  i 

rj;M.  ita 

.'lie  ii'i''’!  .11  ?!avy  s'l'.f^.rr't  v  .t'i  '.'a'''  '...'I  .a 

Huriiv'  th'.*  ciurs.j  oC  the  .stuiy,  it  bai.-f-ja.  -eat  th:!.  th.'  two 
tclijscop-js  holding  the  c^oatest  oromisc  ivere  the  20x,  for  us  *  t  any  tirne 
when  tte  hor.izon  was  v«Ll  ilLutiinated,  .and  the  7x  for  use  '..ith  the  stars, 
when  the  hori'.aon  was  dim-  Specifications  were  therefore  di’awn  up  with  the 
assistance  of  Dr»  S.  0.  Hall  of  the  fevai  -.'eaDons  Plant,  V,ash.in>?ton,  D.C- 
for  a  prismatic  monocular  with  a  50  am  objective,  and  interchan^feable  eye 
pieces,  f»iving  a  magnification  of  2Ctc  and  7x,  respectively.  This  was  mnu™ 
factured  by  the  firm  Deck,  of  Kassel,  Germany,  who  have  had  m;iny  years  of 
experience  -designing  and  producing  optics  for  toLescop.js.  This  telescope 
proved  most  successful,  both  on  bench  tests,  and  on  the  .sextant. 

The  new  PLath  sextants  and  teieficopiS  s.mployed  v.ore  found  to  bo  ex- 
cslient  and  fsr  superior  to  sirniilar  equipment  previously  avalirble.  In 
export  hands  they  are  caoable  of  achieving  an  accur.ncy  in  determining  the 
observed  altitude  consider.ably  oreatir  than  that  of  the  computed  altitude 
obteoinad  whan  tte  resultant  observations  .-.ro  reduced  by  the  flmtical  vlraanac 


and  the  modern  navigati.onai  tables  in  co'-.non  use  ai'io.;t.  These  instruments 
also  proved  easier  to  keep  in  •idiust.ro.nt  than  th  :  older’  type  sextants. 

Overall,  viith  a  bright  horizon,  t-he  20x  telc.ncoa-a.-'  proved  sJAuhtiy 
superior  in  accuracy  to  th-i  L6x,  •ind  thrir  r  re  at  or  po'.Mr  jv.bl.ed  the.  ob¬ 


server  to 


uo  fixed  raters  sonewh-.t  .more 


fortu.'i.at;!',’,  they  do  not  Ivive  enoii.-h  Li -ht  qathori.ro  ..over  to  them 
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satisfactory  vvhii;  tin  horizon  is  dimly  Liphtsd.  Under  such  conditions,  the 
7x  toLascope  provud  saparior  to  any  plass  previously  tostod.  It  is  ira- 
commanded,  ths reform,  that  when  th3  utmost  accuracy  is  requirod,  a  ilOx  tele¬ 
scope  v’ith  50  ram  objjctiva  be  employed  whsn  ths  horizon  liphtinp;  is  strori”, 
and  a  similiar  telescope,  but  of  7  oov;er,  be  usid  v.hen  the  lirhtin/’  is 
weak..  The  single  glass,  tvith  a  !?0  mm  objective,  and  interchangeable  7x  and 
20x  eyepieces  proved  most  satisfactory. 

The  rapid  detemirati.on  of  index  on’or  continusd  to  be  difficult, 
particula.rly  during  daj-light  hours,  as  it  had  for  previous  ob.se rvers.  This 
problem  merits  further  study, 

TIMING  ,'\Nr)  tilCORDING;  At  all  times  during  this  program,  raulti“Ciianri3l 
short-vvavo  radio  necoivors  .-.•ore  available,  as  vrex'o  t,v;o  highly  rolLable 
.second-setting  sweep  second  hand  Longinos  watchrs.  Observations  noro  timed 
by  split-second  timers,  reading  to  ono-.fifth  second:  these  timors  could  ha 
relied  on  not  to  vary  one-fifth  of  a  second  in  forty  minutes,  regfirdle3.3  of 
how  many  ti;nes  the  wading  hand  was  stopped.  An  experienced  observer  can 
start  these  split-second  timers  on  the  i.'WV  tiw}  tick  with  an  accuracy  of 
approximately  otie-t«jnth  socond,  bhs never  possible  t.ha  times  were  started 
directly  from  ths  radio  tick,  and  checked  again  with  the  tick  at  the  to.'.-- 
iiilnation  of  the  obse ivations,  then,  for  any  reason,  th,*  r-ad.io  tick  iva.j  not 
available,  the  tiraors  waru  started  from,  and  checked  agfiinst  the  ijongi.nes 
watches.  It  is  believed  that  the  time  error  in  only  a  few  instances  exceeded 
two-fifths  of  a  second;  for  the  great  .tEjority  of  observations,  thie  error 
did  not  exceed  ono-fl  ’th  socond. 

The  t.ming  of  obsc rvat' ’jm.-  by  c.be  rocorders  who  assisted  in  t.his  jjrograr 
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proved  entirely  satisfactory.  Hw  reaction  lap  of  the  two  recorders  who 
tined  the  ma.lority  of  the  sights  isas  chocked  by  noans  of  a  split  socond 
timer  equipped  to  omit  a  short  note  v.hen  the  stop  button  was  pressed. 

Tests  indicated  that  the  lag  rareiv  approached  ona-half  second. 

At  Key  i.'est,  a  special  watch  was  used,  riading  in  arc  to  36O  degreos, 
and  ad.justad  to  sidereal  time.  This  watch  gave  the  local  hour  angle  of  Aries, 
and  in  con,junction  with  specially  preprirod  altitude  and  azimuth  tables  of 
selocted  stars,  proved  most  convenient  for  locating  stars  before  they  were 
readily  visiblo, 

'.»har«  the  utmost  accuracy  is  re  iuired,  it  is  rjconminded  ttet  a  soamote 
recording  chronograph  hi  oniployed,  combined  with  a  rsmeto  read-out  of  the 
sextant  altitude.  *11113  viill  oljviate  the  po  slbility  of  error  in  the  re¬ 
cording  of  tine  c-s  well  as  error  in  the  reading  or  recording  of  the  altitude. 
In  addition,  it  will  greatly  speed  the  taking  of  a  string  of  sights,  and  tte 
obsemrer  will  not  be  faced  with  the  danger  of  being  unable  to  relocate  a 
dim  star,  after  reading  the  altitude;  the  sextant  would  be  maintained  in 
tho  vobserving  position  for  an  entire  string  of  observation. 

The  chronograph  should  be  so  arranged  that  tho  second  beat  of  the  ,.WV 
time  signal  could  be  indicated  on  it  when  desired.  It  should  also  be  pos¬ 
sible  to  show  the  half-second  beat  of  a  chronometer,  reading  either  Greer»/ich 
L'ean  or  Sidereal  UnB.  Tho  altitude  reading  of  the  -extant  would  also  be  in¬ 
dicated  on  the  tape,  at  the  Instant  the  time  of  the  observation  was  recorded, 
DIP  M^T-jnS;  3arly  in  the  program,  it  became  evident  that  the  new  tele¬ 
scopes  woiee  capable  of  achieving  a  degree  of  accurtcy  in  position  fixing 
not  pr-eviously  obtainable  with  the  marina  sextant.  If  tho  true  value  of  the 
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dip  03uld  ha  astabLlshc  5..  TTio  daprossion  of  L-hc*  vlaibla  horizon,  balovi' 

1, ho  fiorizontal  at  the  eye  of  observer  can  readily  be  calcubitad.  Howevei p 
the  Lifij  of  si^ht  from  -he  observer  to  the  horizon  is  affboted  bv  ternjsti.v 
i^jfraction;  the  amount  of  this  effect  varies '>«ith  changing  weather  cordlti.:i 
nif feror'.C’s  in  air  to.inoraturo  aloa®  th:  lirvi  of  siffht  from  the  obsar\'ur  t,- 
ths  horizon  sjan  to  be  the  chiof  causa  of  this  variation.  ..hora  tte  water 
tomparaturo  differs  from  that  of  the  mass  of  .li''  ahove^tha  air  immediate  ij 
idjacemt  to  the  water  is  cooled  or  wanned.  Tils  alTect  of  this  diffciuncc 
is  u3i;Ki.Lly  particularly  strong  on  a  calm  windless  day, 

Llary  attampts  have  been  made  to  establish  a  direct  relationship  be¬ 
tween  thi  difference  of  ta/rtperaturo  of  air  and  sea  and  the  value  for  the 
correction  for  dip,  however,  the  results  obtaired  b  •  different  investi¬ 
gators  differed  so  greawl.v  that  no  definite  conclusions  can  bo  drawn.  It 
soemed  most  desirable,  thoreforo,  bo  determine  th?  value  of  the  existing 
dip  empirically  at  the  actual  time  of  .iBking  celestial  observations.  For 
this  purpose,  two  Gavrisheff  dip  maters  were  procured,  one  fittefl  with  a 
telescope  giving  a  magnification  of  6x,  the  other  with  orvo  of  l6x.  Both 
instruments  proved  to  be  of  the  greatest  value,  the  one  with  the  I6x  tele¬ 
scope  giving  the  better  results.  In  the  intoneots  of  standardization,  a 
telescope  is  reconraonde<l  for  future  use  with  the  dip  maters. 

The  Gavrisheff  dip  meter  measures  the  value  of  tha  dip  by  bringing  j.ni  i 
coincidence  two  images  of  tbs  horizon,  one  orect  and  ono  inverted,  and 
apart  in  azimuth.  The  instruments  eftipLoyed  in  this  study  war^j  fitted  with 
nicrometer  drums,  atxl  viroier  scales  calibrate  '  to  two  i^enths  of  a  rainuta 
of  rrc.  They  could  be  read  to  onc-tonth  of  a  minute  by  inter;x)latiop..  An 
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4  tJan  1040  0^6  lovely  as  above 

Dip  by  oeter  observer  S  9a 625  minutes 

Dip  by  netor  observer  W  9«6  minutes 

Dip  by  tables  8.9  minutes 

9  Jano  1100  0-6  level.  Air  T"”',  water  Injections  70 

Dip  by  meter  observer  6  Bo7  minutes 

Dip  by  tables  8.9  minutes 

Such  celestial  observations  as  could  be  obtained  during  this  period,  when 
corrected  ror  dip  aa  obtained  by  the  dip  meter,  always  resulted  in  lines  of 
position  lying  much  closer  to  Loran  fixes  than  those  corrected  by  means  of 
the  dip  tables^ 

During  this  sane  cruise  the  U3S  VALLEY  FQtlGE  lay-to  some  7  miles 
from  Bermuda,  where  her  position  could  be  accxirately  fixed  by  triengulation 
and  radar  ranges^  Sun  sights  were  obtained,  and  reduced  from  the  knovm 
position.  Using  the  value  of  the  dip  as  obtained  by  dip  meter  in  correct¬ 
ing  the  altitudes,  the  mean  distance  troBi  the  known  position  was  0<.115  miles; 
whwi  the  tabulated  value  of  the  dip,  correoted  for  barometric  pressure  and 
temperature  was  es^iloyed,  the  mean  distance  was  0.85  miles. 

ihese  anomalies  in  the  value  of  the  dip  are  particularly  interest* 
ing,  as  the  winds  were  extremely  strong  (up  to  65  knots)  during  much  of  this 
period,  ond  because  many  of  the  dip  measurements  were  made  with  a  height  of 
eye  of  over  80  feet,  hoth  of  these  factors  are  siqpposod  to  reduce  any 
ahcmalles  in  the  dip  at  scan 
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Abofirfi  the  USf^  TUTiJIL/ ,  in  uvnnst  of  i960,  a  diurnal  variation  of 
ore  minute  v;  'S  fourvi  in  the  dip  by  measureraant,  v;ithout  appreciable  clianfeo 
in  barometric  pressuro  and  sea  and  air  tempo ratu res.  This  variation  per¬ 
sisted  ovor  several  days,  the  value  of  the  dip  beinp;  one  minute  t-reator  in 
the  liftornoon  and  aveninp;  than  in  the  mominr[.  That  this  anomaly  existe  i 
was  also  domonstratad  by  tho  plot  of  raorninp  and  ovenin,p  star  sifjhts;  the 
linos  of  position  resulting  from  ovoning  stars  each  having  to  bo  novjd  ono 
minute  tovjards  the  respective  bodies  to  cross  close  a'oout  a  common  point. 

There  seems  little  diubt  that  a  dip  meter  of  the  quality  of  the 
Gavrisheff  instruments  is  of  the  greatest  value  in  determining  the  value  oT 
the  dip,  and  consequently  improves  materially  the  accuracy  of  celestial 
navi.?ation, 

I 

It  cannot  correct  for  error  caused  by  the  tilt  of  the  horizon,  or  for 
the  transitory  effect  of  a  wave  in  the  horizon,  but  it  will  permit  accurate 
correction  oj‘  much  the  greater  part  of  tho  errors  caused  b’/  abnormal 
terrestrial  refraction. 

It  sliould  ce  noted  that  tho  dip  meter  fitted  with  the  16x  telescope 

gave  raatirially  better  results  than  tie  one  with  the  6x  tclsscope.  Con- 

more 

sBcutive  readii-v'S  in  each  string  gave/^consistent  readings,  the  ra.-ignitude 
of  the  random  errors  being  materially  reduced. 

OBS  ".RVATIOr'iAL  T  :G;  It  was  held  that  tte  maxinaim  dianeter  of  tho 

ob.iectiva  lens  of  any  tclsscorw  to  bo  used  with  a  sextant  would  be  .'3:)  irjn; 
anything  largor  than  this  vjouid  be  toe  large  and  clumsy  to  handle  con¬ 
veniently  abci  it]  ship.  As  the  field  of  view  of  a  prismatic  telescope  of 


norm;!,  design  with  an  objective  iens  of  tills  diameter  and  giving  a  magni¬ 
fication  of  .  is  about  1  dogreos,  it  was  atiparent  that  the  Rude  Star  Find.-r 
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would  not  bo  jufficiontly  accurate  for  locating  stars,  particularly  at  tho 
hi^or  altitudes,  in  a  brightly  lightod  sky.  Ac  cording  Ijr,  fbr  use  at  Key 
West,  tha  altitude  and  azimuth  of  6  inorning  and  7  evoning  stars  were  com¬ 
puted  for  3'.)  degrees  of  Local  Sidereal  Hour  Angle.  These  altitudes  and 
azimuths  irare  precomputed  to  the  nearest  minute  of  .'ire,  scanning  the  times 
of  sunset  and  sunrise  for  the  period  of  field  work.  In  conjunction  with 
the  watch  mentioned  above,  reading  in  Local  Sidereal  Hour  Angle,  and  an 
8  inch  sphei'icaL  magnetic  compass,  these  tables  greatly  facilitated  locat¬ 
ing  the  stirs  against  a  bripht  sky.  The  stars  for  which  the  Key  Vest 
altitude  and  azimuths  ware  precomputed  are  as  follows: 

liorning:  :Cvening; 


A  It  air 

(Uag.  0«9) 

Aldabaran 

(.Mag.  1,1) 

Ant ares 

"  1.2 

Date  Igaux 

"  Var. 

Arciurus 

"  0.2 

Cape  11a 

"  0.2 

Daneb 

"  1.3 

Pollux 

"  1.2 

Spioa 

"  1,2 

Procyon 

"  0.5 

Vega 

•'  0,1 

Riga  1 

”  0.3 

Siilus 

"  1.6 

Tha  timee  of  sunrise  and  sunset  of  Key  VJest  for  tho  period  of  ob¬ 
servations  were  also  computed. 

Altitude  and  azimuth  data  as  outlined  above  ware  also  prepared  for  all 
subsequent  twilight  star  observations,  although  not  to  such  close  tolerances. 
These  v\ere  frequently  presented  in  graphic  form. 

.''ost  of  the  observers  connected  with  this  protTTam  were  accustomed  to 
using  the  somewhat  heavier  Plath  and  Hughes  sextants.  The  20x  arri  I6x 
telescopes  wv.h  their  very  considerable  raarni  fication,  and  conpamtivcly 
small  field  however,  were  new  to  all  save  or©  observer,  and  several  hours 
of  practive  were  required  before  the  users  bee;  me  accust'Oraed  to  them.  The 
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apparent  magnification  of  vibration  vdth  those  telescopes  particularly 
caused  adverse  comment  at  first,  and  the  observers  believed  that  the  plots 
of  their  strings  of  sights  made  with  the  high  povxsrod  glasses  would  bo  in¬ 
ferior  to  those  made  with  a  6x  monocular.  It  always  proved  a  source  of 
surprise  to  the  observer  to  find,  wten  tte  sights  were  plotted,  that  the 
strings  of  observations  made  with  the  hi/^er  powered  glasses  were  consider¬ 
ably  smoother  than  those  made  with  the  6x  telescope.  V'ithout  exception, 
once  tho  obsarvars  became  accustomed  to  ths  new  glas.sos,  they  preferred 
them  to  those  of  6  power,  when  accuracy  was  particularly  required. 

Testa  wore  made  using  a  bipod  to  support  the  sextant,  which  was 
mounted  at  the  apex,  while  the  two  legs  attached  to  the  observer's  belt. 
This  device  was  not  foiind  to  bo  practical.  Thought  was  also  given  to 
mounting  a  sextant  on  a  gun  stock  and  also  to  suspend  it  from  a  gallows 
frame,  but  no  experiments  were  c. inducted  with  such  devices. 

No  unusual  techniques  wore  employed  in  making  tho  observations;  every 
effort  was  made  to  take  the  sipbts  in  each  string  as  rapidly  as  possible. 
V>'hBn  two  observers  ware  working  at  the  same  time,  simultaneous  observat¬ 
ions  of  ths  same  body  wouW  frequently  be  made,  one  observer  using  a  20x 
telescope,  and  the  other  a  6x.  At  ths  conoletion  of  each  string  of  sights 
telescopes  (but  not  sextants)  would  be  exchanged.  When  one  observer  was 
working  alone  with  a  recoi»ior,  one  string  would  be  completed  with  one  tele¬ 
scope,  and  the  next  one  with  a  glass  of  different  power.  The  value  of  the 
high  powered  telescopes,  as  compared  to  those  giving  a  magnification  of  6x, 
for  picking  up  stars  during  "bright  sky"  conditions  a' so  was  atudiad,  and  is 
discussed  belo7j. 
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A  stririft  of  si/^hts  noxinally  consisted  ot  10  to  13  observations; 
accuracy  tends  to  deteriorate  after  about  that  nuinberj  apparently  due  to  eye 
fatigue.  However,  a  very  brief  rest  for  the  eye  was  sufficient  to  restore 
accuracy,  and  frequently  10  to  12  strin/»5  would  bo  observed  over  a  f^riod  of 
about  an  hour.  V.'here  the  sawe  conditions  of  lighting  and  weather  persisted, 
the  last  string  would  generally  plot  as  smoothly  as  the  first,  provided  a 
brief  period  had  been  allffwad  between  strings. 

All  strings  wore  plotted  on  graph  paper,  using  a  scale  of  1  inch  to 
10  seconds  of  time,  and  whan  the  rate  of  chang3  of  altitude  was  not  too 
great,  1  inch  to  1  ininute  of  arc;  occasionally,  it  was  desirable  to  change 
the  Latter  to  1  inch  to  2  ninutes  of  arc.  Hie  strings  were  completed  in  be¬ 
tween  2  minutes  30  seconds  and  3  ninutes  30  seconds.  Due  to  the  smaller 
field  of  the  20x  telescope,  it  was  found  that  overall  the  time  between  sights 
with  this  glass  tended  to  be  slightly  longer  than  whan  using  the  6x.  This 
time  differance  would  not  exist  if  a  sextant  with  remote  altitude  road-out 
were  employed  with  the  20x  telescope,  as  the  observer  would  not  have  to  re¬ 
locate  the  body  after  each  individual  observation. 

After  the  sights  were  plotted,  a  line  of  best  fit  was  drawn  through 
the  plots;  due  to  the  shortness  of  the  time  period  involved,  a  straight  line 
gave  a  satisfactory  representation  of  the  body’s  path.  Tho  rate  of  change 
of  altitude  for  the  body  at  the  raid  time  of  the  string  was  than  calculated, 
to  check  for  (xjssible  anomalies  caused  by  terrestrial  refraction,  or  other 
causes.  Such  anomalies,  affecting  the  rate  of  change  of  altitude,  were  oc¬ 
casionally  encountered. 

When  working  from  a  position  that  could  bo  accurately  established,  us- 
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ually  *Dy  tri  .n/TuLr;U  i  "in.  i.h<2  lcuL..'i*i1  .ilt.  itu  ias  rif  ^  I'or  tha  sit', 

uoi'-'j-  tal  f  r  ij  a,  r  fi  ctian,  ate.,  for  tho  time  of  the  string,  wouH  then 
be  plot’-o-i  on  tha  ;,raph.  Tha  deviation  of  the  individual  siphts  from  tha 
Lina  of  bast  fit  for  each  string  vjould  be  measured  for  comoarison  purposes, 
as  wall  as  tie  difference  in  altitude  between  lines  of  calculated  altitude 
and  tho  lines  of  best  fit.  As  has  been  stated  above,  tha  results  achieved 
with  the  high  oowored  telescopes  viei’e  superior  almost  without  exception; 
tY)e  rare  exception  occurring  when  obsorvatiorvii  conditions  v;erfc  deterior¬ 
ating,  and  the  high  powered  glass  was  the  last  one  used. 

The  nagnitudo  of  the  random  errors  about  the  line  of  best  fit  was  con¬ 
sistently  nnd  materially  less  for  the  high  powered  telescofws,  as  was  the 
iifferenc  j  between  tha  line  of  best  fit  and  the  lino  of  calculated  altitudes. 
Ths  superiority  of  tha  high  powered  telescopes  was  particularly  great  when 
the  horizon  was  not  sharply  defined. 

Key  test  was  not  fourrl  to  be  a  very  satisfactory  locale  for  the  pur- 
Doses  of  this  program,  as  the  water  mass  inshore  is  not  homogeneous.  A 
considerable  number  of  surface  water  temperature  measurements  v^ero  made  k  to 
5  miles  offshore  (i.e.  at  the  approximate  apparent  horizon  of  the  observer 
on  the  beach),  and  the  temperature  v;as  found  to  vary  as  much  as  lO^F.  th¬ 
in  yards,  in  this  connection  it  may  bo  rroted  that  some  30  strings  of 

sights  were  i.ude  from  aboard  a  46  foot  sailboat  40  to  60  miles  offshore  in 
Waves  up  to  h  feet  in  hai#?ht,.  The  r^esultant  intercepts  varied  less  in  mag¬ 
nitude  than  r.any  of  those  mad*  fran  the  beach  at  Key  n'est;  apparently  tlia 

boat  was  surrounded  by  water  of  the  s  ime  tempo  leturer 

l/echini.;.al  vibration,  as  in  a  destroyer  staaraing  at  20  knots,  did  not 
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have  a  mazicedly  adverse  effect  on  the  saoothness  of  the  plot  of  sights. 

The  high  powered  telescoiaes  produced  consistently  better  results  than  those 
with  a  magnification  of  6sc,  despite  the  firm  conviction  of  the  Isss  ex- 
perienced  observers  that  the  contrary  would  prove  true.  Hl<#i  winds,  as  are 
often  found  on  ths  open  bridge  structure  of  a  carrier,  made  it  extrerasly 
difficult  to  obtain  satisfactory  observations  with  any  telescope. 

OF  S  jkS:  Sights  were  reduced  by  various  methods,  as  saenod  ap¬ 
propriate.  './hero  the  utmost  accuracy  was  desired,  tha  Tlnharaeris  was  used 
together  vjith  the  classical  sin-cos  altitude  and  azimuth  formulae.  Six- 
place  mtural  functions  were  used  with  a  computer,  i/he  re  extrere  accuracy 

of 

was  noy prime:  importance,  the  t\|autical  Almanac  and  the  Tables  of  Computed 
Altitude  and  Azimuth  (Ho  214)  ware  emoloyed.  The  Delta  t  and  Delta  1 
corrections,  as  well  as  Delta  d,  were  usually  used  to  reduce  ths  length  of 
the  intercepts.  All  sun  sights  were  corrected  for  the  actual  semi- diameter, 
parallax,  and  for  refraction;  the  combined  semi-annual  tables  in  the  Nautical 
Almanac  were  not  used.  Fbr  all  si^ts,  ths  table  of  "Additional  Refraction 
corrections  for  Non-standard  Conditions",  published  in  the  Nautical  Almanac, 
was  used  as  required.  Before  ths  dip  meters  became  available,  the  Japanese 
tables  for  correcting  for  the  difference  betv»en  air  and  sea  tenperatures 
(0,11  minutes  per  degree  Fahrenheit)  were  also  employed,  and  in  the  majority 
of  cases  proved  helpful.  The  corrections  ttey  provided  in  general  short¬ 
ened  the  intercepts,  and  in  the  geographical  area  of  this  study,  off  the 
eastern  seaboard  of  the  United  States,  were  superior  to  any  other  similiar 
tables  used.  However,  the  accuracy  they  provided  did  not  equal  that  ach¬ 
ieved  with  the  dip  meter. 
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It  had  been  hoped  that  tha  brighter  fixed  stars,  favorably  situated  in 
altitude  and  azimuth  reLativa  to  the  sun,  nould  be  visible  during  the  day  in 
the  field  of  a  high  power  teloseope,  mounted  on  a  loarlne  sextant.  Ihis 
hope  Was  basod  on  a  papor  entitled  '’The  Visibility  of  55tar3  in  the  Daylight 
Sky"  by  Dr.  Richard  Tbusey  and  0.  Hulburt,  and  published  in  the  Journal 
of  the  Optical  Society  of  Arasrlca,  Vol.  38,  No.  10  Oct.  1%8.  Consultations 
with  Dr.  Tousey  at  the  Naval  Research  Laboratory  were  held,  and  confirmed 
that  fixed  stars  could  be  observed  during  daylirht  hours  inith  a  well  de¬ 
signed  telescope,  having  a  nagnification  of  I6x  or  20x,  particularly  if 
the  telescope  were  provided  with  a  reticle  at  infinity  to  aid  the  eye  in 
maintaining  focus  at  infinity.  It  a  Iso  appeared  that  it  would  be  desire- 
able  to  provide  a  polarizer  for  the  telescope  in  connection  with  these  ob¬ 
servations.  The  reticles  were  accordingly  installed,  and  polarizers  were 
provided. 

These  telescopes  did  indeed  make  it  possible  to  pick  up  stars,  when 
viewed  directly,  during  the  daytime.  However,  no  r?al  success  can  be  claimed 
when  the  telescopes  were  mounted  on  sextants,  although  Sirius  was  picked  up 
low  to  the  eastward  on  two  occasions  about  15  minutes  before  sunset  and 
Arcturus  was  seen  at  high  altitude  25  minutes  after  sunrise.  The  li^^t  loss 
in  reflecting  the  star's  image  through  the  index  and  horizon  mirrors  was  too 
great  to  make  daytime  star  observations  practicable  with  the  sextant  in  its 
present  form. 

The  high-powered  tel3Scope8  did,  however,  make  it  nossible  to  ob¬ 
serve  a  very  considerable  number  of  fixed  strrs  in  bright  twili^t,  when 
they  could  not  sighted  with  a  7x  or  6x  telescope.  These  Latter  glasses, 
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in  turn,  proved  siqjerlor  in  this  respect  to  the  3x  telescope  as  supplied 
vith  the  i.avy  Mark  II  sextant*  At  Key  West,  strings  of  observations  total¬ 
ing  between  40  and  60  sif^ts  were  cnnploted  of  4  to  5  stars  with  a  2Qx 
telescope,  within  20  minutes  of  sunset;  that  is  to  say,  with  the  2Qx 
telescope,  the  observations  for  the  evening  star  fix  were  completed  at 
about  the  time  a  navigator  using  the  ordinary  sextant  and  telescope  would 
start  making  his  obsei^ationso 

,  o 

Similiarly,  on  30  August,  I960,  in  approximately  latitude  30  h., 

o 

Longn  79  W«  5  otars,  as  tabulated  bd.ow,  were  sighted  with  a  sextant  fitted  with 


a  20x  telescope  within  10  minutes  of 

sunset. 

Star 

Magnitude 

Apoasc  J.r. 

Altair 

0.9 

46 

no 

Antares 

1*2 

34 

194 

Arcttirus 

0o2 

50 

265 

Oeneb 

1.3 

45 

054 

Vega 

Ool 

69 

160 

Stars  observed  under  such  conditions,  with  a  well  illuminated  and 


sharply  defined  horizon,  yielded  far  better  results  than  those  made  in  deeper 
twilight  with  a  6ac  or  7x  telescopoo  However,  with  the  sun  well  below  the 
horizon,  the  7  x  50  monocular  proved  superior  in  every  respect  to  any  other 
telescope  en^^loyed*  Its  large  field,  excellent  light  tbanamlssion,  and 
sharpness  over  the  entire  field,  are  most  desirable  features  for  this  use.  It 
should  be  noted  that  the  7  x  50  telescope  is  not  satisfactory  for  daytime  use 
with  the  sextant,  particularly  for  sun  observations*  During  such  observations. 
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there  is  frequently  a  very  Btrong  and  troubloeome  halation  effecto 

ACCURACY-  lire  degree  of  accurate  obtainable  vith  the  Inetrunenta  osq^loyed  during 

this  program  in  measuring  both  time  and  altitudes  and  in  establishing  the 


flue  of  the  dip  is  so  fine,  that  thought  must  be  given  to  impi-oving  the 
methods  employed  in  reducing  sight  So  The  American  Nautical  Almanac,  under 
the  heading  "Accuracy"  says  in  part: 

"The  largest  error  that  can  occur  in  the  G.  H.  A.  or  DeCo  of  any 
body,  other  than  the  Sun  or  Moon  is  less  than  0n2  minutes;  it  may  reach  0o25 
minutes  for  the  G.  Ho  A.  of  the  Sun  and  0»3  minutes  for  that  of  the  Moono 
In  practice  it  may  be  expected  that  only  one-third  of  the  values 
of  G.  lio  A.  andOeCo  taken  out  will  have  errors  larger  than  O0O3  minutes 
and  less  than  one-tenth  will  have  errors  larger  than  Od  minuteso" 

It  should  be  added  that  these  errors  in  Greenwich  Hoiir  ^ngle  and 
Declination  may  be  ctimulatlve,  thus  causing  a  considerable  total  error.  As 
the  time  of  an  observaticm  can  be  accurately  determined  to  one-fifth  of  a 
second,  it  is  most  desirable  to  be  able  to  determine  the  G.  H.  A.  of  the  body 
at  the  instant  of  obsei*vatlon  with  an  accuracy  of  0.05  minutes  of  Eurct 

The  high-power  telescopes  make  Venus  available  for  dayli^t  obaex^a- 
bion  during  much  of  the  year,  yet  corrections  to  the  altitude  of  this  planet 
for  parallax  and  i  base  for  such  observatiens  are  not  given.  The  semi-diameter 
of  Venus  should  also  be  given,  as  in  the  field  of  a  20x  telescope  the  planet 
is  not  a  Joint  of  li|^t,  but  has  very  appreciable  size. 

there  accuracy  is  paramount,  it  is  reconmended  that  observations 
be  reduced  from  the  estimated  position,  rather  than  from  an  assumed  position. 
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Sisart,  "in  the  Monthly  i<otlees  of  the  ooyul  Aatlroncoiical  Society",  Vol»  79, 

(May  1919)  showed  that  when  the  difference  between  the  true  and  assumed 
positions  is  30  minutes  in  both  latitude  and  longitude,  for  an  altitude  of 
75  degrees  the  error  mi^t  be  loO  miles.  At  latltxide  60  degrees  this  would 
diminish  to  0o7  miles;  while  the  probable  error  would  not  exceed  0»3  mileso 
It  can  be  seen,  therefore,  that  plotting  celestial  bbseirvations  from  an  assumed  p 
may  introduce  unacceptable  error. 

The  "Tables  of  Computed  Altitude  and  Azimuth"  (H. 0.214)  are  among  the 
most  satisfactory  of  the  so>called  "short  methods",  and  are  excellent  for  most 
navigation,  however,  they  also  can  cause  unacceptable  error,  even  though  the 
UeltaTand  Delta  L  corrections  are  used  in  addition  to  that  for  Delta  d.  For 
example: 

On  page  509  of  the  19 5d  edition  of  Bowdltch  (H09)  the  calculated 
altitude  20  degrees  55*9  minutes  is  obtained  using  HO  214  £>nd  the  corrections 
Delta  d.  Delta  t  and  Delta  L.  The  correct  answer  is  20  degrees  55r.67  minutes. 

It  is  evident  therefore  that  the  methods  cccmonly  employed  at  sea 
for  the  reduction  of  celestial  observations  are  not  compatible  with  the  degree 
of  accuracy  obtainable  with  the  instruments  discussed  herein.  The  Kphemeris 
is  available  in  lieu  of  the  I'outlcal  Almanac  and  gives  the  necessary  data  to 
a  degree  of  accuracy  far  beyond  that  required  at  se^  However,  its  present¬ 
ation  is  designed  for  the  astronomer,  and  necessitates  long  and  cumbersome 
interpolations.  Probably  the  most  desirable  form  for  presenting  the  necessary 
data  would  be  to  state  Greenwich  Hour  ^^gle,  Slderal  Hour  Angle,  and  declination 
in  degrees,  minutes,  and  hiindredths  of  minutes.  For  some  bodies,  to  facilitate 
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interpolation,  it  night  be  v;ell  to  state  Qreetiwich  Hour  Angle  for  some 
period  shorter  than  an  haur« 

An  electronic  cenputor  can,  of  course,  store  the  necessary  data 
on  the  celestial  bodies  to  be  observed  during  any  program,  and  can  also  r 
the  observation,  inhere  such  a  device  is  not  available,  the  formulae: 

Sin  h*  sin  L  sin  dl  cos  L  cos  d  cos  t 

and  Sin  Z  •  cos  d  sin  t 

cos  h 

give  excellent  results,  and  a  speedy  reduction,  vAien  used  with  six  or  sev 
place  tables  of  natural  functions,  and  an  ordinary  d  esk  CGnQ>uter3  Precom 
vdll  frequently  be  most  deslrablec 

A  string  of  obseinfations  of  each  body  should  be  made;  this  cem 
be  done  rapidly,  particularly  whore  the  remote  read-out  of  time  and  altit 
are  employed^  Such  a  series  of  10  to  15  obsez^ations,  when  plotted,  per¬ 
mits  the  rejection  of  unsatisfactory  individual  sights,  as  well  as  the  de 
of  transient  anomalies,  such  as  waves  in  the  horizen.  It  also  permits  an 
evaluation  of  the  probable  acciuracy  to  be  derived  from  the  reduction  of  tl 
selected  observation  in  the  stringo 

The  observer  should  be  selected  for  his  visual  acuity:  he  need 
have  no  knowledge  of  navigation.  In  this  connection,  it  may  be  noted  tha' 
some  of  the  best  strings  of  observations  obtained  during  the  course  of  th: 
study,  were  made  by  young  observers  who  had  never  previously  used  a  sextai 
They  had  good  vision,  and  they  were  eilso  free  of  prejudice  against  the  hij 
power  telescopes.  An  expert  marksman  frequently  seens  to  make  an  excellci 
obseiTvero 
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1.  It  is  hold  that  the  high  powered  telescopes,  of  a  magni¬ 
fication  of  about  2Qx,  when  fitted  to  sextants  of  the  highest  quality, 
and  which  eillow  a  fine  read-out  of  altitude,  permit  achieving  a  markedly 
superior  degree  of  accuracy  than  has  heretofore  been  possible  with  the 
instxnments  in  general  use. 

This  improvement  in  accuracy  is  derived  from  three  characteris¬ 
tics  of  the  high  powered  telescopes: 

Ao  '^heir  increased  magnification  permits  the  greatest 
nicety  in  making  contact  between  the  body  and  the  horizon. 

B.  Their  high  magnification  makes  fixed  stars  visible 
in  comparatively  bri/^t  light.  Just  before  sunrise  and 
u°rectly  after  sunset,  Vhen  the  horizon  Is  sharply  definedo 
Co  In  the  great  majority  of  instances,  during  dayli^t  hours 
when  the  horizon  is  hazy,  they  permit  markedly  better 
determination  of  the  horizon  than  do  the  '  ^lescopes  of 
3x  and  6x  in  general  use. 

It  appears  from  this  study  that  the  accuracy  achieved  in  measur¬ 
ing  altitudes  with  the  sextant  is  in  direct  proportion  to  the  magnification 
of  the  sextant  telescope,,  A  20  x  50  prianatic  monocular,  of  good  desiff), 
at  present  seems  to  be  the  optimum  for  use  with  a  bright  horizon.  The 
degree  of  accuracy  achieved  by  such  a  telescope  far  outwei^s  the  dis- 
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advantages  of  its  cac9)aratively  small  field  and  increased  weif^t. 


2.  At  twlli^t,  «ihen  the  contrast  in  lighting  at  the  horison 
is  not  strong^  the  7  x  50  monocular  is  found  to  bo  superior  to  any  star 
telescope  now  in  general  usee 

3«  A  Gavrisheff  dip  meter,  fitted  with  a  hifih  power  telescope 
can  be  of  the  greatest  assistance  during  daylij^t  hours  in  determining 
the  existing  value  of  the  dip  of  tho  hoidzon,  and  therefore  in  increasing 
the  accuracy  derived  from  daytime  observations  of  the  sun,  moon,  and  plan< 
4>  Finally,  it  is  held  that  a  ship's  position  may  be  fixed  at 
sea,  under  good  observational  conditions,  to  about  0.25  miles,  by  a  round 
of  multiple  observatiems  of  stars,  made  Just  before  sunrise  or  after  sun¬ 
set,  with  a  hi^  quality  sextant,  fitted  with  a  2QX  telescqpep  This 
conclusion  is  based  on  the  results  achieved  during  the  course  of  this  stu< 
liemote  read-out  of  sextant  altitude  and  time  should  improve  this  someidiat. 

hith  6  X  and  3  x  star  telescopes,  it  has  heretofore  been  possib! 
\inder  similar  conditions  to  obtain  an  accuracy  of  about  0.4  mileSp 
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MT?  20x  TELTJSCOPS  FOR  ST:\R  SIGIffS. 

THE  20x  TELESCOPE  FOR  STAR  SIGHTS 

On  the  o{iposito  page  are  the  plots  of  fottr  strings  of  star 
observation.!,  made  with  a  2 Ox  tolescope  on  the  eveninggof  3  March  1958 
The  stars,  in  the  order  in  -rfhich  they  were  observed,  are  Sirius  (-1.6) 
Aldebaran  (1.1),  Bete3.geux  (Tar.)  and  Rigel  (0.3).  The  first  ob** 
scrvation  of  Sirius  was  nads  directly  after  the  sun  had  set,  the  last 
observation  of  Rigel  tras  conipleted  some  18  minutes  later. 

No  direct  cojigsarisoa  between  the  20x  and  the  6x  telescopes  irere 
possible,  as  the  observer  using  the  6x  glass  was  unable  to  pick  up  the 
stars  conctirrently. 

The  mean  abenration  from  the  line  of  best  fit  of  the  Sirius 
observations  is  0.069  minutes,  for  Aldebaran  0.064  minutes,  for 
Eetelgeux  0,079  minutes,  and  for  Rigel  0,095  minutes. 

These  observations  serve  to  show  the  liigh  degree  of  accuracy  that 
can  be  expected  from  star  observations,  made  with  a  high-powered  tele¬ 
scope  during  the  period  that  the  horison  is  brightly  Illuminated. 

The  time  interval  between  observations  is  plotted  as  constant. 
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COMPAKISON  OF  OBS5KFATIONS  OF  THE  SIN  MADE  AT  SEA  TTHH  20x  AND  6x 

TT!1J2SC0P38 

On  the  facing  page  appear  graphs  showing  the  aberration  from  the 
'’line  of  best  fit*'  of  Individual  observations  vithin  strings  of  Sun 
sights,  made  at  sea  with  20k  and  6x  telescopes*  The  mean  aberration 
for  each  string  is  noted  below. 

These  graphs  show  the  first  two  and  the  last  two  pairs  of  strings 
cited  in  Section  A  of  Appendix  I. 

The  observations  in  each  pair  of  strings  »fere  made  by  one  observoru 
T?hen  the  string  was  conpleted  with  one  telescope,  the  latter  would  bo 
changed  as  rapidly  as  possible,  and  the  second  string  of  the  pair  would 
be  coii?)leted. 

The  time  interval  betifeen  observations  is  plotted  as  constant. 
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COHP/J’.ISON  0?  SimCTAJlEOiJS  OBSESVATI®®  OF  THE  SUN  MDE  AT  SEA  WITH 


3>:  AND  20x  TELESCOPES  S  3x  AND  203:  TELESCOPES 


The  grapJis  ca  ies  opposite  page  iJJLitatrate  ;:esult3  obtained 
aloai^d  the  IT^S.S^  TFIUMi^.,  These  observations  were  srade  at  about 
IC'30  /kmc  Plus  Fire  'Pima  on  18  lOSOj  soae  100  miiess  S,Ep  of  the 
Vri'giiiia  Capes  c  ’>y  tro  ejcperienced  obseri^ers-r  S.in?3lt£uu-ou9  observa<= 
tioiia  waxo  ijade  of  the  Sitn"s  lower  liisb.  one  observer  usijig  a  Plath 
s'\xi.c-5.it  iit'trec  *.rlth  a  2C:c  te.tcscopoj  the  other  a  Up  S,  ITavy  Mai-'k  11 
S(:'3rL?»v!:  irith  a  S::  tclesoope,  as  stipplricd  with  t?is  instrumentf, 

Oil  mapletiiig  ins  first  string  cf  sifjhts.  the  obsorvers  exclmnged 
.^oxlftnts,  and  the  seco  ic  strijag  of  observations  “wa  i’jadep 

Thoi'e  iras  sojae  ever  cast  ,  which  accotmts  for  the  rather  short 
aocond  S'b*tjigp  The  •id.nb  was  S„b<,.  Bcaui'ort  scale  #3;  the  state  of  the 
fica.  ij.'.o  j-'S,;  ard  •jith  t)K  Sx  telescotie^  the  horiKon  app»3ared  very 


On  the  Iwcr  port  of  the  page  appear  the  plots  of  thi’as  consecutive 
strings  of  Sun  sights,  i’^dc  with  a  3::,  2Qx,  and  6x  telescope  in  that 
cr der  by  the  .'seuijo  obsori^er,  frora  a  lutorm  position.  The  3x  telescope 
i.i.iced  the  obsci'vor  0,233  minutes  too  imeh  towai'ds  the  nun,  the  ?0x 
rade  it  0„104  to^/ards  :uid  the  8x  0-250  towards.  The  horizon  on  this 
cccusion  T;a3  -lot  slvirpl,-'  defined. 


i'iir  tii/.e  interv:.!  between  cb;;o,"Titicrts  in  plotted  as  coiiatojit. 


Appaiuix  i 


The  foUovring  tabulations  shovi  in  numerical  form  the  smoothness 
of  plot  of  strinijs  of  observations  using  alternately  a  20x  and  a  6  x  tele¬ 
scope  with  the  sane  sexbunto  It  gives  an  indication  of  the  improvement  in 
accux'acy  made  possible  by  the  hipb  powered  tolescops'i  ihese  observations 
were  made  during  the  daylight  hours,  by  a  ntimbcr  of  ol  servers,  ^oae  were 
made  from  the  beach,  and  some  at  sea;  they  were  made  under  widely  differ¬ 
ing  observational  conditions.  The  majority  were  of  the  sun,  although  ob¬ 
servations  of  the  moon  and  of  Venus  are  aj.so  included. 

A  string  of  obaervrtions,  usually  between  10  and  14  in  numbeTp 
would  be  made  with  one  telescope,  which  would  then  be  changed  for  one  of 
different  powero  '^he  altitiides  were  plotted,  as  described  in  the  body  of 
the  text,  and  the  "line  of  best  fit"  was  drawn  for  each  stringo  The  devi¬ 
ation  in  altitude  of  each  individual  observation  from  the  line  of  best  fit 
was  measured  to  the  nearest  five-one  hundredths  of  a  minute,  and  these 
deviations  were  then  added,  regardless  of  sign»  The  sum  of  the  deviations 
in  each  string  was  then  divided  by  the  numi  er  of  observations  in  the  string, 
to  give  the  various  results  listed  beloWo 

The  results  are  arranged  in  two  groups,  according  to  whether 
t.he  observations  were  made  afloat,  or  from  the  beachc  Many  observations 
were  made  when  the  horizon  was  very  poorly  defined,  in  order  to  obtain  data 
on  the  perfora-ince  of  the  hfgh  power  telescopes  under  such'ctxiditions,  How¬ 
ever,  no  criteria  are  available  for  grading  the  quality  of  the  horizon  for 
observational  jmrposeso  It  seemed  best,  therefore,  to  make  an  arbitrary 


arranger. in  descending  order  of  the  values  of  results  obtained  with  the 
2QX  telescopeso  'i'he  poorest,  as  well  as  the  best  results  achieved  are  in¬ 
cluded  in  the  tabulation. 

Graphs  appear  elsewhere  in  this  report,  which  illustrate  the 
distribution  of  sights  within  some  individual  strings  listed  below,  as  well 
as  in  strings  not  made  for  direct  :;onpari3on  purposes  between  various  tele¬ 
scopes^ 

A.  0B31irtVATia;S  AT  SEA 
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Various  recomiiendations  are  made  in  the  body  of  I’eport; 

they  are  ou-ilined  below^  additional  reconc.enriatione  arc  also  included, 
not.  necesrjaril.v  jii  the  order  of  auggestcd  priority, 

I.  THE  JjiXrtKY 

lo  is  do’jlitiul  if  the  basic  design  of  the  sextant  can  be  inproveo  fcr 
ordinary  marine  use.,  Hcvevc-r_,  it  can  undoubtedly  be  improved  in  detail. 
;md  iriodificd  for  specialised  use,  ajn  ordci'  oo  gain  irnpro', ament  in  accuracy 
:'.w  iifipi'ovemetels  have  beer,  made  in  the  ucxiani..  dur'inr  the  past  th,>'st 
puarters  o.f  a  century;  it  is  time  that  a  taorougii  study  of  the  '.t, rumen t, 

as  a  tool  .f.or  celestial  nr.vigation.  bs  initiated,. 

.'Jet  forth  below  ai’e  suggest  if  :n.'>  as  to  some  of  the  ri;'j.tt<;rs 
'.vn.ioh  might  be  included  in  such  a  sbuiy. 

Ao  If  For  celestial  navigatioHj  particularly  xdiere  accuracy 
i;i  importarit.  a  sextant  with,  minimal  coristant  or  non  -ad ju stable-:  error  is 
oquir-sd.  .In  the  past,  the  standards  of  required  accuracy  have  t'oen  too 
low.  In  tills  country,  a  corstant  error  of  30  seconds  has  been  pcraissiblo 
:j~!c1  cn  instrument  with  a  maxinun  error  of  15  .seconds  has  been  considered 


,3up;-:  ior, 
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It  is  recoT.'umor.dcd  that  the  va! 
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proauction  methodso  for  examj le,  the  certificate  of  Plath  sextant  used 

in  this  program,  shows  the  following  constant  errors: 


Altitude 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

l^rror  in 
second  s 
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+1 

+3 

+2 

-1 

+1 

-1 

»4 

-3 

0 

2o  For  celestial  navigation,  on  instrument  is  required  that  neasuTfrs 
angular  elevation  to  90  degrees.  "Back  si^ts"  are  now  rarely  used,  and  a  3ex~ 
tant  capable  of  measuring  angles  to  145  degrees  or  thereabouts  is  not  needed. 

1+  is  possible  that  an  instrument  in  the  shape  of  an  octant  measuring  arigles 
to  90  degrees  might  be  more  convenient  to  use?  i'his  ttimrc  study.  At  the  same 
time,  it  should  be  determined  whether  mechanical  accuracy  could  be  improved 
by  increasing  the  radius  of  the  arc?  'i'ho  design  of  a  sextant,  intended  for 
the  daylight  observation  of  stars  is  discussed  below? 

3,  i'hc  design  of  sextant  mirrors  also  warrants  study.  These 
should,  of  course,  be  of  a  size  compatible  with  the  field  of  the  telescope 
employed.  It  would  seem  that  the  use  of  a  front  coated  mirror  would  bo 
most  desirable;  particularly  for  the  index  mirror,  k'ith  the  conventional  "back 
coated"  mirror,  particularly  at  high  altitudes,  the  light  from  the  body  is 
diminished  materially  by  the  considerable  thickness  of  glass  throu^  which 
it  must  pass.  The  development  of  such  front  coated  mirrors  for  use  on  the 
sextant,  seems  most  desirable.  If  front  coated  mirrors  are  not  employed,  the 
horizon  mirror  should  be  positioied  in  such  a  manner  relative  to  the  index 
mirror  that  light  rays  from  a  body,  observed  at  high  altitude  are  not  at  an 
excessively  acute  angle  to  the  latter  mirror.  The  more  acute  this  angle  is, 
the  more  atter'.'ated  are  the  light  rays  as  seen  by  the  observer.  It  might  be 
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well  to  plcaoe  the  riorizon  mljrror  forward  of  its  normal  position  on  the 
instrument- 

4.  ihe  clear  glass  portion  of  the  horizon  mirror  does  not 
appear  to  fulfill  any  useful  purpose-  It,  also,  absorbs  light,  pai'ticularl.v 
when  particles  of  salt  adhere  to  it»  Some  experienced  navigators  have  this 
clear  glass  portion  removed  from  the  mirror,  this  would  seem  advantageous, 

5-^  Various  prisms  have  been  fitted  on  sextants,  particularly  for 
star  observations-  Astigmatiaers  have  been  employed,  which  turn  the  ;Lma/j;e 
of  the  star  into  a  line;  these  are  sometimes  helpful  when  the  star  is  bright  ., 
and  the  horizon  is  poorly  lighted.  Under  these  same  conc^itior.s  a  V.olaston 
prise  can  also  be  a  help,  -^his  gives  two  images  of  the  star,  separated  by 
about  5  minutes  of  arc  in  the  vertical  plane,  the  true  position  of  the  star 
be.ing  half-way  between  the  txvo  iinages,- 

The  Van  Leeuwen  prism  has  been  used  ^dth  great  success  for  sun 
observations  'i-ith  fine  transits.  It  seems  possible  this  prism  might  prove 
equally  sao;’.sl‘:'.otory  when  used  '-.ith  c  suxt-antc.  ^'he  center  of  the  sun  is-  in 
effect,  ob.*(irved  on  the  horizon,  and  thei-e  w'ould  be  no  danger  of  error  (iuo  to 
irradiation  effect,  and  no  correction  would  be  required  for  the  sun'-'s  semi- 
diameter. 

6.  Variable  density  polarizixq,  shade  glas.ses  are  at  present 
star  dard  on  u.  b,  liavy  sextants-  Opinion  as  to  their  superiority  over  a 
series  of  routral  tinted  shades,  graduated  in  value,  is  divided.  Under  certai 
conditions,  Si.  ’.•.hen  observing  a  brij.liant  star  against  a  dim  horizon,  a  con- 
'■'evitional  r ,  .  .’ide.  c,-.-'  .’’.••.v./nr  loiv  ji  I’l-  .vbsorbti-.oc.  seems  snoerior  tc  the 


vai'iable  denr.it,y  t-ype;  sor.e  obE-ervere  pra.f«r  the  conventional  shades  under 
all  conditions.  It  is  recorrmended  that  the  t;/o  types  of  shades  be  evaluated 
under  service  conditions. 

During  a  study  of  terrestrial  refraction  in  Chesapeake  Bay  made 
by  the  i^aval  itesearch  Tujboratory  IdtL  Problem  K03-  05^  ^r''  eot  No.  NC^Si*.  -512, 
it  appeared  that  a  red  filter  could  at  times  be  helpful  in  naicing  observatioriJ- 
oi'  the  iiorizon.  fhe  benefit  to  be  derived  fVom  using  horizon  filterr.  of 
various  c.o.loi’5  X'.arrarits  ^tucly.,  i-uring  t,his  program,  it  was  fo’.mc  that  under 
certain  Gonditions  of  lew  contrast  btitween  sky  and  water,  a  single  rolurizing 
shade,  of  low  light  abserption  gave  a  wall  defined  horizono 

it  may  be  noted  that  most  sextants  do  not  nave  enough  horizon  shades 
to  per-.mit  proper  adjustment  for  varicuo  degi'ecs  of  horizon  ligating. 

?o  For  star  cbservatioiis  wits  the  sextant  at  dusk,  it  is  most 
desii'aolo  t,h.rc-  t.herc  be  a  cev  vsnicrit  men'nod  of  adjusting,  the  positioi.  of  the 
horizontal  ajd  s  cf  the  tolescopo,  relative  to  the  franie  of  the  sextant.  Kov-- 
ing  the  telescope  out  fion  the  frari.e  inc .’eane.s  the  ratio  of  Jight  fran  the 
horizon,  3'slat.ive  tc  thet  from  the  stHr.  Coot  sextar.ts  incorporate  some 
provision  for  acoemplishijig  t.-iis;  u.ntaily,  hoiniver,  it  cannot  be  dor.e  readi].; 
The  Hunhos  ''Gothic"  3e:ctant  has  a  large  thumb  screv;,  so  situated,  the  t  the 
observer  can  easily  turr  it  v;ith  his  thaml),  thule  holding  the  sextant  to  hit' 
eye.  It  is  rccommcndea  that  this  feature  bo  iricoiporatod  in  all  mart.ne 
soxta  its  ■ 

So  ‘^uring  dajlifht  .uours  particuia  .-ly,  it  is  ciiTJeult  to  establish 
accurate.ly  the  sextant  .inf'em  tu-ror-  .T.t  vs  recommertcec  that  tnis  prcblcm  be 


studied. 


.  -hcj  c:.  :  ua'  ufae  vvj.x.hi  i,nj  .lexbaiit,  wi’rrarit;? 

r>tufly.  i'or  oayliy^it  r-e.  i' la  tc3. ■ii-ai-pati  used  .■'Ji  thia  pi’o.ijr.ani  see;ied 
ntor<2  aatisfactory,  on  the  v.-iolcj  ‘jhan  thoao  of  l6x,-  dowirear,  it  stay  de- 
VG.':op  that  b.vtter  resi-’lt:;  cun  be  achieved  with  a  telescope  of  either 
grocvecz-  or  iesse:!:’  narr.r  f '.autiov!  ,  tan  Khr^  '’■hato  /ctr  tlio  Toner  of  such  a 
telesccpCi  x’i'  should  r.  :■:/,>  :i3  large  a  field  as  poosiblej  t-ifri  sharp  f  ocii:; 

the  entire  fields  ;i:id  x-ccellsnt  '’.ight  tranav.irjsioii  characteriKt.'.cE.,' 
the  EenttUit  r.irrors  ;;  of  course,  be  of  oi;  appropriate  size, 

di;fiil'irly_,  the  ch.-TraclocistiCo  of  the  opt.i!!i jut  T,3.1:?acc;pe  fo  •  Ttse 
at  dunk  should  be  detorm:''.ne'i..  ■‘.'••i  ''  >:  yc  ■■■■.fflescorie.T-  usso  proved  supe  rior 
to  any  of  the  star  tcleoeop’-c  geuiralty  avaiiablo.  bu  ,  lu  re  ■pp’in,  further 
ij.ipi-ijvsment  is  probablj  poanlble 

Intcerchangeacl- :  (■y.,'c  '.)l-..5oe  :.'or  use  irlt.i  tk.o  sjuiio  v.elcscopc  reduoed 
the  amount  of  equipiTic:'.-;''  : fo''  ••h.ir,  pi’ogiVTj’i..  I’he  jjijs.jibiliLy  of  develoj 
ir.g  seoctant  telescopes  n;  th  ir*t>:.-ch:.ui,''ev'tia  s;yo  pieces  should  l/O  studledc 

All  sextant  xe'.esooijes  shou  .d  be  equj-ppee  v;it)i  soft  ruboer  eye  (iup  i. 
c,;i,y  a,rG  of  groat  iiiipc' t'-iico  vith.  r:iv!i  pi/.ver  t  ole  sc  o}  •os.-,  '.i.'ht.EC  e.-iabi.';*  t.ho 
observer  to  steady  th.G  G(,;-r'V'.iv:-,  a;;niii3t  .his  eye  soclcct.,  tcsJ  uccp  vn.ri(i  j.ad  sti-a.7' 
liphr.-  iron  his  eye-  i'cc;  ey-  cup  t  tV;'.  are  availab.i.e  cor.iirieJ’Gially  are  non  too 
wol3  .'yaited  for  this  pjr]  o  ■  o..  J.t  is  •occjai Tcjideci  t  lOt  a  cup  be  desigii'.'d  esi;-o'' ■..? 
for  use  x-.itii  the  xtast  tG  .escop.e. 

0:  ''he  rerro:.?  reid-ou:.  o.r  cextaih  a'.l-it  ode .  plotted  agein;.^  i.ip.e. 

Ill'  nj'  i‘t,  udcTi  •■■■:  iyj  it  X.'Ol-  L  .’.’.T.VOV'J  I.l':.;  cl’.a/icif:  O.T’  hl.'.’.T',''T  ’irTSTr  i!i 

ic  '.ir';  t.i''.To  -.  id  ai.t it’.T ; c ;  t-.n-)  ’•.'uu..'!  'r'?y  •'■■iarKp  iJ.;.  'nicev  c' :.e  tU'  c.img  t  ■scvircc' 

/S  Cl e'.i .■>  c  st-fif i.  b  >■  ■.  _u:  ''  i.-..  -gt  thc’  oh^.’  r  t'l  ■.  •t.H.jci  not  i.c-  r("Trji’'h 
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•‘hen  such  a  read-out  ia  employed,  study  is  warranted  to  deterrivie  1 
I  n-xo:\  of  time  that  should  be  spent  in  completing  any  one  string  of  observat: 
t.hlle  anonipJaes  in  refraction,  lasting  for  considerable  periods  of  tine  some 
tixies  occLO-, transient  ancwialies  causing  considerable  error  in  the  obser'jed 
altitude  also  are  encoimteredo  ineoe  Dxittcr  ancmalies,  .Lasting  usually  less 
^  .’,<111  a  minute  can  usually  be  detected  :‘f  frequent  observations  are  made  over 
abc-ut  a  two  minute  period,,  A  string  of  some  six  observations,  or  so  mac-e 
j'iijjidiy,,  can  be  very  misleading,  however.,  thile  the  altitudes  may  p.lot 
liTioothly  against  time,  they  do  not  represent  the  true  change  of  altitude 
of  the  bodyo 

D,  It  is  rec'.ornmended  that  a  sextant  bo  developed  for  the  dayt.lne 
ebservation  of  fixed  stars  in  conjunction  with  a  high-povjered  telescopec  Dr 
'•.'chai’d  Tousey,  of  the  haval  liesearch  taberatory,  has  shown  that  stars  of  th 
.'l-.i’st  magnitude,  properly  situiitcd,  can  be  seen  during  daylight  Lours  ozi  a 
i:„i;ar  da,v  (Journal  of  the  Optical  Society  of  merica,,  Volr,3B,  NOi  10,  pp 
October,  1948)  On  13  August,  stars  were  observed  as  follows: 

.iv,  OSi'iO  Sirius  (mago-lo6),  0905  nigel  (mag„0<3)>  11.30  C.-jpella  (rAag..0.2),  3400 
,!”ctu.’'us  (rfiagoO,  2),  1.515  Jpici  (mag  1.  2),  and  at  1535  Vega  (mag;0.-,l).  Ur 

Lou-iey  stat  ib  that  with  a  poleirizer  .fitted  to  the  telescope,  a3.1  these  utai  & 
v.i.^re  'very  easy"  to  find,  with  the  exception  of  Vega,  which  he  describe;',  as 
■'.‘asy"  to  locate  ,  In  <\ddition  to  a  poI  ^riaer,  a  telescope  used  J  o:  the  day- 
^ct  observacicn  of  stars  should  be  fitted  with  a  reticle  at  .iru'inity,  to 
the  eye  in  r.:intaining  focus  at  iniir-itjf. 

During  this  jiro^jram,  Arcturas  v/as  i)b;;erved  at  aigh  altitud;;.'  w(. '1 
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after  sunrise^  and  SluLua  before  sunset  with  a  20  power  telescope  fitted 
to  a  marine  sextant,  however,  the  li^t  absorbtion  in  the  sextant  mirrors 
is  too  great  to  make  such  observations  practical  with  a  sextant  in  its 
present  form. 

The  design  of  the  sextant  could  be  modified  to  moke  daylight  star 
observations  feasibleo  The  star  would  be  obsemred  directly,  rather  than  as 
a  reflected  Image,  and  the  image  of  the  horizon  would  bo  brought  up  to  the 
star  by  means  of  the  index  mirror.  This  would  require  a  rearrangement  of  the 
mirrors  on  the  sextonto  The  high  power  telescope  would  be  fitted  with  a 
polarizer  and  a  reticle,  as  described  by  Ur.  Tousoy.  In  addition.  It  should 
have. two  or  three  interchiangeable  prismatic  oye-pieces,  such  as  are  used 
with  the  telescopes  of  fine  transits,  to  facilitate  the  observation  of 
stars  situated  well  above  the  horizon,  duch  an  instrument,  intended  onlyfor 
celestial  navigation,  might  well  be  made  as  an  octant,  measuring  altit\ides 
only  to  90  degrees,  the  scale  being  lengthened  slightly  to  give  a  negative 
reading  or  reading  "off  the  scale"  to  determine  index  error.  The  markings 
on  the  arc  would  be  reversed  from  those  on  the  ordinary  sextant,  the  zero 
mark  being  at  th^  end  of  the  arc  away  from  the  observer 

The  fixed  mirror  would  belooated  in  the  A-5  degrees  •“  90  degrees 
sector  of  the  framei  this  would  necessitate  swinging  the  index  aiTu  on  the 
underside  of  the  frame.  This  mirror  could  be  made  rather  narrow  In  the 
horizontal  axis,  as  the  illumination  of  the  horizon  during  daylight  would 
be  strong  enough  to  give  a  good  image;  it  should  probably  be  without  the 
clear  glass  portion  usually  found  on  the  horizon  mirrors  of  conventional 
sextantso 
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U  THE  DIP  METER 


The  dip  Boter  is  considered  to  be  a  necessary  adjunct  to  the 
sextant  for  refined  navigation.  The  (kvrisheff  dip  meters  used  during 
the  latter  part  of  this  program  proved  of  great  value,  and  ore  superior  in 
design  to  similar  instruments  encountered.  A  most  desirable  feature  of  the 
Guvrlsheff  instiniment  is  tV^t  any  indox  error  is  cancelled  by  rotating 
the  device  through  IdO  degrees  about  the  optical  axis  of  the  telescope, 
between  readings. 

It  is  str(Migly  recommended  that  the  dip  meter  be  studied  with  a 
view  to  improving  its  optics,  and  facilitate  its  use  at  sea.  In  the 
Qovrisheff  dip  meters  presently  available,  the  li^t  absorption  on  the 
Inverted  horizon  is  sufficient  to  make  observations  difficult  under  certain 
conditions  of  light.  This  should  be  corrected,  if  possible. 

The  placement  of  the  knobs  or  wheels  for  bringing  the  two  horizons 
into  coincidence  should  be  so  arranged  that  the  dip  meter  is  equally 
convenient  to  use  in  either  the  erect  or  inverted  position. 

The  qualities  of  the  telescope  or  telescopes  to  bo  used  with  the 
dip  meter  should  be  determined.  It  would  seen  desirable  in  the  interests 
of  simplicity  to  design  interchangeable  telescopes  which  fit  both  the  dip 
meter  and  the  sextant  if  the  same  telescope  is  equally  satisfoctory  on  both 
instruments.  It  should  be  noted  that  the  highest  power  telescope  (16X) 
available  for  use  with  the  dip  meter  gave  the  best  results. 
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lU  SIGHT  hHDUCTlQN 


"uriiig  the  past  35  years  aliaost  all  effort  In  the  field  of 
celestial  navigation  has  been  directed  towards  shortening  the  time  required 
for  the  reduction  of  sights;  to  attain  ^>eed,  it  was  felt  that  some  accuracy 
could  well  be  sacjriflcedo  For  general  use  this  was  correct;  the  accuracy 
obtainable  with  the  "shoirt  nethods”  was  sufficient  for  the  requirements  of 
ordinary  navigation. 

'^oday,  however,  there  is  an  urgent  need  in  some  specialized 
fields  to  obtain  the  naximum  degree  of  accuracy  in  position  fixing  by 
celestial  as  well  as  by  other  navigational  meanso  For  celestial  navigation 
improved  sextants  and  telescopes  as  well  as  dip  meters  are  now  available, 
which  give  greatly  improved  accuracy,  as  compared  to  what  coxild  be  obtained 
with  similar  Inatrumente  in  the  p^iste 

The  Instrumoits  are  available  for  refined  celestial  navigation; 
data  for  the  accurate  and  rapid  reduction  of  si^ts  should  also  be  made 
available  for  thoee  areas  and  tines  when  such  navigation  is  required.  As 
has  been  noted  in  the  body  of  this  report,  the  tautical  Almanac  does  not 
give  sufficient  acc\iracy  when  a  position  must  be  fixed  with  an  error  not 
exceeding  0o2  mileso 

*  or  such  use,  it  is  recomended  that  data  on  hour  angle,  declination, 
etc.,  be  made  available  in  readily  usable  form,  and  with  an  end  accuracy  of 
O0O5  minutes  of  aron 

An  electronic  computer  can  be  used  to  store  these  data,  as  well 
as  to  complete  the  reduction  of  sigiits  with  speed  and  accuracy.  Lacking 
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such  a  devloe.  It  is  reoacmended  that  an  olectrle  oooqjuter  ba  en})loyad  to 
solvo  the  q^erical  triangle,  by  nwans  of  the  standard  sin-eosin  fonmilaeo 
It  is  reeocnended  that  nat\tral  functions  bo  en^loyed,  rather  than  logarithmso 
^he  i!Unctions  should  be  stated  at  least  to  six  dooiinal  places,  and  for  every 
tenth  of  a  ninuto  of  arcl  '^ch  a  table  could  readily  be  prepared  from  the 
U«  uoast  and  Geodetic  Survey,  eij^it  place  tables,  which  are  tabulated  for 
every  aecaid  of  arco 

IV  SELECTlOli  OP  THIS  USSKilVM 

It  has  been  almost  universal  practice  afloat  for  the  ship <>8 
navigator  to  make  the  great  majority  of  the  required  celestial  obsei^ationsn 
The  navigator  is  selected  on  the  basis  of  his  professional  knowledge;  his 
visual  accuity  is  rarely  consideredo  This  program,  as  well  as  similar 
studies  in  the  past  have  clearly  indicated  that  skill  in  the  use  of  the  sextant 
varies  greatly  between  individuals,  even  those  of  apparently  eqtaally  good 
vision,  and  equally  practiced  in  the  use  of  the  instrumento  A  limited  per- 
centage  of  individuals  have  the  ability  to  pick  up  a  star  in  a  bri^t  sky 
with  the  sextant  l<»ig  before  the  majority  are  able  to  locate  ito  In  addition 
only  a  snail  number  have  the  ability  of  Judging  the  instant  of  contact  between 
the  bodyand  the  horizono  For  refined  navigation,  the  observer  should  excel 
In  both  these  skiUso 

It  is  urgently  reconmendod  that  where  accuracy  in  navigatiai  is  of 
paramount  importance,  the  obscjrver  be  selected  solely  on  the  basis  of  the 
results  he  obtains  with  the  sextant;  the  data  he  obtains  can  be  processed 

by  others,  qualified  in  that  fieldn 
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inra  PHOTOgRAPn.  Precision  sextant j,  fitted  with  a  tole. 


scope  vlth  50  rati  objective  lensp  and  Interchangeable  eye  pieces r 
giving  a  magnification  of  2Qx,  and  7x« 


LOTfER  PHOTOg^H,  Gavrisheff  dip  tnsterj  fitted  vith  a  16  x  5o 
telescope. 


THE  PHOTOmPH  OTI  TTO  FOLLOWHTO  PAGE  illustrates  the  optics  of 
the  Gavrisheff  dip  raster. 


